Abstract -The objective of this work was to determine the geographic origin of the Madeiran common bean (Phaseolus vulgaris) gene pool. Phaseolin patterns of 50 accessions representing the diversity of common bean collected in Madeira, Portugal, and conserved in the ISOPlexis Germplasm Bank, were analysed using the Experion automated electrophoresis system, based on lab-on-a-chip technology. Five common bean standard varieties with typical phaseolin patterns were used to determine the phytogeographical origin of the Madeiran common bean accessions. Ninety two percent of the accessions exhibited a phaseolin pattern consistent with the one of common bean types belonging to the Andean gene pool, while the origin of the remaining 8% of the accessions was indistinguishable. The application of a similarity coefficient of 85%, based on Pearson correlations, increases the number of accessions with uncertain pattern. The analytical approach used permitted the determination of the origin of the common bean gene pool, which is Andean in 98% of the cases, and clustering of the observed variability among the Madeiran common beans.
Introduction
Common bean denominates an undetermined number of species of the genus Phaseolus, tribe Phaseoleae, family Fabaceae (Leguminosae), subfamily Faboidea (Lackey, 1981) . Among them, Phaseolus vulgaris (L.) is the most important staple food crop in several countries, providing significant amounts of protein, fibers, minerals and vitamins (Hu et al., 2006) .
Wild bean genetic resources were originated from two major gene pools, the Mesoamerican and the Andean, and one or two minor gene pools in the northern Andes (Koenig & Gepts, 1989) . Beebe et al. (2000) , using RAPD analysis, identified a Pesq. agropec. bras., Brasília, v.45, n.8, p. 863-871, ago. 2010 third common bean group possessing climbing growth behaviour, designated as the Guatemala race (Araya, 2003) .
Seed size, used to determine common bean phytogeographic origin, is a parameter that suffers the influence of environmental factors and, thus, it is not a reliable criterion to determine the origin of the common bean gene pools. Therefore, Singh et al. (1991) proposed the utilization of storage proteins and isozymes patterns to determine common bean gene pools. Although the effects of environmental factors on seed protein content are not always avoidable (Vargas et al., 2000) , analysis of phaseolins is widely used to determine sample origins (Gepts & Bliss, 1988) and to evaluate germplasm collections (Logozzo et al., 2007) . Gepts et al. (1986) and Singh et al. (1991) showed that the cultivars or varieties from the Mesoamerican group possess phaseolin patterns of the Sanilac (S) and Boyaca (B) types, whereas those from their Andean counterparts have the Tendergreen (T), Contender (C), and Pampa (H) phaseolin types.
Phaseolus vulgaris has been introduced in Europe from both Andean and Mesoamerican domestication centres (Araya, 2003) . Similarly to the Portuguese mainland, a rich diversity of common beans has been identified on the Island of Madeira. The Madeiran agro-diversity is a consequence of multiple crop introductions that occurred since the beginning of colonization, in the 15 th century, and subsequent crop adaptation to specific agroclimatic and edaphic conditions (Carvalho et al., 2008; Santos et al., 2009) .
Little is known about the origin of common beans introduced in Madeira, but there are strong indications that this crop was initially brought to the Island by the settlers in the 17 th century from Brazil and South America (Silva & Meneses, 1984) .
Using Micro fluidic technology, in this case, the Experion automated electrophoresis system, it is possible to automatically run every step of the gel electrophoretic separation, with the advantage of allowing the analysis of a larger population of proteins and the delivery of accurate and reproducible sizing and relative quantities of each protein band (Nguyen & Strong, 2005) , with small sample sizes and volume of reagents (Bradová & Matĕjová, 2008) . Besides these advantages over traditional SDS gels, this technique is more precise, faster and effortless, and exposes operators to lower quantities of dangerous chemicals. Elucidation of the phytogeographic origin of common bean germplasm is the first attempt to perform a comprehensive evaluation of this germplasm resource grown on the Archipelago of Madeira. The determination of the similarity between germplasm accessions based on the seed storage protein polymorphism could be a valuable contribution to the overall evaluation of the Madeiran common bean collection.
The aim of this work was to determine the geographic origin of the Madeiran common bean gene pool, based on analyses of phaseolin patterns using the microfluidic technology.
Materials and Methods
The seed storage protein polymorphism of 50 accessions of common beans previously identified to the species level, using the dichotomic keys recommended by Freytag & Debouck (2002) , were analysed in 2009. Seed samples were obtained from the ISOPlexis Gene Bank collection at the Universidade da Madeira. For the phaseolin analysis, five standard cultivars of Phaseolus vulgaris -Andean, Tendergreen (T), Contender (C), Pampa (H); Mesoamerican, Sanilac (S) and Boyaca (B) -were used as outgroups to identify the phaseolin types. The Misión Biológica de Galicia (MBG), Spain, provided these standards.
To ensure that the common bean accessions used in this study accurately reflect the crop diversity, several selection criteria, including geographic distribution on the Island, diversity of common names, as well as differences in size, shape and the coloration of seed coats, were taken into careful consideration.
Ten randomly selected seeds were used per accession code abbreviature (ISOP) to obtain a bulk mixture and to determine their phaseolin protein patterns. Seeds, after tegument and embryos removal, were dehydrated at 50ºC for 12 h (Vargas et al., 2000) and grounded separately using a mill. The flour was stored in microcentrifuge tubes at 4ºC until analysis. Phaseolin extraction was performed according to Wrigley (1995) and the International Seed Testing Association (2004), using a buffer composed of 6.25 mL Tris (1.0 mol L -1 , pH = 6.8), 10 mL glycerol, 12.05 mL H 2 O and 2.0 g SDS, diluted with mercaptoethanol and H 2 O in a 17:3:40 (v/v) proportion. The buffer was added to flour in a 1:25 (w/v) proportion. Individual seed extractions (25-mL aliquots) were mixed to obtain a bulk sample of the accession.
The phaseolin patterns of the composite samples were analyzed using the lab-on-a-chip microfluidic technology, with assistance of the Experion Pro260 automated electrophoresis system (Biorad, Hercules, USA). Phaseolin separation was performed according to the protocol described by the Biorad Pro260 kit.
The virtual phaseolin gels were analysed to identify geographical origin of the gene pools and to determine samples heterogeneity or similarity. The variability of the phaseolin patterns obtained in virtual gels from Experion was evaluated using the fingerprinting software from Biorad. Accessions similarities were calculated using the Pearson correlation, and were clustered using the UPGMA method, with the fingerprint II basic software from Biorad. A similarity coefficient (SC) of 85%, calculated by the software based in confidence intervals originated from the Pearson correlations, was used for the determination of common bean accession phaseolin types.
Results and Discussion
The analysis of phaseolin patterns of the common bean accessions from the Island of Madeira showed that the standard Andean (Contender, Tendergreen, and Pampa) and Mesoamerican (Sanilac and Boyaca) cultivars exhibited different phaseolin fractions, ranging approximately from 40.0 to 67.0 kDa (Figure 1) . Analysis of the phaseolin patterns revealed that the ISOPlexis accessions were mainly related to the Contender and Tendergreen cultivars (Table 1) . Different phaseolin patterns were detected among analysed common bean accessions. Ninety-two percent of the accessions possessed an Andean gene pool origin, with 56.0% of the samples showing a phaseolin pattern similar to C type (cv. Contender), while 36.0% of samples showed a T phaseolin pattern. This was expected, because the majority of the analysed accessions presented a seed weight higher that 40 g 100 seeds -1 , which is characteristic of beans with Andean origin (Voysest, 1983; Pereira et al, 2009) . Only eight percent of the samples, which includes four accessions, exhibited an undetermined phaseolin type, although they were also from Andean origin ( Table 2 ). Besides that, only 24 accessions -T (10 accessions) or C (14 accessions) types -reached the 85% similarity coefficient (SC), a threshold that permits a reliable classification in relation to one of the phaseolin types. The remaining 22 common bean accessions have shown SC below the threshold value, and their classification as the Tendergreen (8) or Contender (14) type was somewhat uncertain (Table 3) .
Cluster analysis using the phaseolin patterns provided a dendrogram (Figure 2 ) that grouped all accessions in four major clusters (A to D). The clusters A and B were composed by accessions of the Tendegreen and Contender type, respectively, which showed the majority of their SC higher (Tendegreen) and lower (Contender) than 85. The C cluster grouped together the majority of common bean accessions similar to the Contender type with SC equal or higher than 85%. The last cluster, subdivided in two sub-clusters, was the most heterogeneous and included the majority of the accessions with undetermined and T types, with similarities lower than 85%. ISOP 00480 exhibited a distinctive position among analysed common bean accessions, which correlates with its specific small seed size.
Experion Pro260, using the common bean accessions and the standards, consistently reproduced the patterns of phaseolin. Its analysis shows protein fractions variation by number of bands, from four (cv. Contender) to six, and molecular weights (cvs. Sanilac, Pampa and Boyaca). These results do not confirm the ones from Lioi (1989) , who observed negligible phaseolin polymorphism, suggesting that cvs. Sanilac and Contender possess four and three major subunits, respectively, while cvs. Tendergreen, Pampa and Boyaca have four major phaseolin subunits. Significant variations in the phaseolin frequencies, number of bands and molecular weights have been reported previously (Vargas et al., 2001) . Vallejos et al. (1992) reported moderate, yet sufficient, polymorphism to discriminate between Mesoamerican and Andean common bean gene pools. The higher phaseolin polymorphism reported here can result from a higher resolution of the electrophoresis technique used, which can detect protein bands with less than 10 ng of protein (Nguyen & Strong, 2005) .
The Andean gene pool dominates in Madeira with 92% of accessions, while merely 8% of accessions, although exhibiting proximity to the Andean gene pool, were classified as of uncertain origin (Table 1 , 2). The prevalence of the Andean gene pool among the Madeiran common beans is consistent with the historical records that point out Brazil as the origin of first crop introductions into the Island, and subsequently to the Portuguese mainland. Traces of the Mesoamerican germplasm are almost completely absent among the common bean landraces in the Island, which refutes the hypothesis of later introductions from Central or Figure 1 . Biochemical characterization of the common bean (Phaseolus vulgaris) germplasm from the Island of Madeira, using the lab-on-a-chip technique. A virtual gel was created in the Experion Pro260 automated electrophoresis system (Biorad). Singh et al. (1991) and Paredes & Gepts (1995) have detected hybrids showing the Andean morphology and comprising the Mesoamerican phaseolin types, as well as genotypes with the Mesoamerican morphology and the Andean phaseolin types.
Despite the fact that common bean is generally considered an autogamous species, the out-crossing rate could be as high as 60-70% (Wells et al., 1988) and, thus, it may contribute to the appearance of the uncertain phaseolin types, resulting from out-crossing between different common bean types inside or between the Andean and Mesoamerican gene pools (Beebe et al., 1997) . Even the lowest out-crossing rates were sufficient to generate broad variability among common beans over the period of hundreds of years (Beebe et al., 1997) .
The heterogeneity of phaseolin patterns can also be attributed to the high level of cross-pollination among wild beans (Gepts et al., 1986) or to hybridization processes (Singh et al., 1995) . Fully fertile hybrids were observed not only in traditional common bean varieties from different regions (Broughton et al., 2003) , but also between wild relatives (CWRs) and cultivars (Singh et al., 1995) . However, it seems that this last source of variability does not have an important contribution to Madeira common bean diversity. As a result of the versatile out-crossing, 18.2% of the Portuguese common beans maintain hybrid status (Tofiño et al., 2003) . The relatively small number of accessions with uncertain phaseolin types (8% of accessions, Table 2 ) could suggest that a significantly lower level of out-crossing took place in Madeira when compared to other European regions (Broughton et al., 2003; Tofiño et al., 2003) . The small number of accessions with undetermined bean type may also indicate a rather low number of introduction events.
The Contender type gene pool prevails on Madeira, comprising 52% of the accessions, followed by the type T accounting for 34% of the total accessions (Table 2 ). These observations are in accordance with other studies reporting prevalence of the Andean gene pool over the Mesoamerican ones among the European common beans. Logozzo et al. (2007) reported frequencies of 45.6% of the T type, 30.7% of the C type, and only 23.7% of the S type (the Mesoamerican gene pool), among European common beans. Similarly, Gepts & Bliss (1988) observed the prevalence of the T type (72%) among European cultivars. However, the C type gene pool, with 51.5 and 42.7%, dominated among the common bean resources from Italy and the Iberian Peninsula, respectively (Logozzo et al., 2007) . These results seem to indicate independent paths of common bean introduction between the South and other European regions. Durán et al. (2005) observed that the frequency of the Tendergreen phaseolin allele increases in direct proportion with the reduction of the Sanilac phaseolin allele, which could explain the high frequencies of the T type in Europe. However, in Madeira, the T type is the second most important common bean type, and a direct relation between the Tendergreen and Sanilac phaseolin alleles was not observed, as the latter one is almost completely absent on the Island. Contradictory data on the origin of the Portuguese common bean resources were reported. Rodiño et al. (2001) found that three-quarters of the accessions were of the Andean origin with the Contender and Tendergreen phaseolin types being the most frequent. Earlier, Escribano et al. (1998) reported that the Tendergreen and Pampa phaseolin types were more frequent than the Contender type among Portuguese common beans. The presence of several phaseolin types in the same region, such as the Iberian Peninsula, may suggest multiple paths of common bean introduction, from the Andes and Mesoamerica. Alternatively, the first common beans could have reached Europe from a region where both gene pools occurred already at the time of the European discovery of America, such as Cuba. The predominance of the C type of phaseolin in the Madeiran common beans suggest that this crop, on the Island and in Portugal mainland as well, could have the same initial source of common bean germplasm, but the number of introductions was lower in Madeira. On the other hand, the absence of the Mesoamerican phaseolin types in the Madeiran common beans might imply that the introduction of the crop germplasm to Madeira occurred prior to the continent.
Conclusions
1. The majority of Madeiran local common bean resources belong to the Andean gene pool.
2. A higher phaseolin polymorphism is present in the Madeiran common bean germplasm than reported in the literature, probably resulting from the higher resolution of the electrophoresis technique used.
3. The relatively small number of accessions found with uncertain phaseolin types suggest that a significantly lower level of out-crossing, hybridisation and recombination took place on Madeira, when compared to other European regions.
4. The small number of accessions with undetermined gene pool may also indicate a rather low number of introduction events.
5. The predominance of the phaseolin C type in the Madeiran common beans suggests that the Island and Portugal mainland germplasm could have the same initial source, but the number of introductions was lower in Madeira. accessions based on phaseolin polymorphism, using the UPGMA method and the Pearson correlation distances with a limit of 85% confidence. Cluster A, accessions of the Tendergreen type with similarity coefficient (SC) higher than 85%; cluster B, accessions similar to the Contender type, with SC lower than 85%; cluster C, accessions of the Contender type, with SC equal or higher than 85%; cluster D, accessions with the undetermined and the T types with SC lower than 85%.
